Microbiological and mycotoxicological correctness of protein feed ingredients in Vojvodina by Bočarov-Stančić Aleksandra S. et al.
213
UDC 636.087
DOI: 10.2298/ZMSPN1120213B
Aleksandra S. Boč arov Stanč i ć
1,  Nataša M. Salma
1, 
Vladimir R. Pantić
1,  Milan J. Adamović
2, 
Aleksandra D. Miljković
1,  Svetlana V. Suzić
1
1  ”Bio-Ecological Centre” Ltd., Petra Drapšina 15, 23000 Zrenjanin, Serbia
2  Institute for Technology of Nuclear and Other Mineral Raw Materials, 11000 Belgrade, Serbia
MICROBIOLOGICAL AND MYCOTOXICOLOGICAL 
CORRECTNESS OF PROTEIN FEED INGREDIENTS 
IN VOJVODINA 
ABSTRACT: During 2009 and 2010, the microbiological tests of a total of 40 samples 
of protein feed ingredients (sunflower meal, soybean, soybean cake, soybean grits and soy-
bean meal) originating from Vojvodina were carried out. The most of the samples (57.5%) 
matched the Serbian regulations on feed. Microbiologically, there was not adequate quality 
of protein ingredients, which was a consequence of the presence of pathogenic bacteria: 
Proteus spp. in 12 samples of sunflower meal, 1 sample of soybean meal and 2 samples of 
soybean cake, and E. coli in 2 samples of soybean meal. The highest total number of bacteria 
(1 x 10
7 g
-1) and the highest number of yeasts and molds (148.000 g
-1) was identified in one 
sample of sunflower meal. 
Mycological analysis of protein feed established the dominance of species from the 
genera Aspergillus (A. flavus, A. fumigatus, A. niger and A. ochraceus), Fusarium (F. solani, 
F. subglutinans and F. verticillioides) and Mucor (Mucor hiemalis f. hiemalis and M. race-
mosus f. racemosus).
The study of biochemical characteristics of 10 fungal isolates from sunflower meal, 
soybean grits and cake has established that: a) 2 cultures of Aspergillus spp. possessed an-
tagonistic activity against other fungal species, b) 1 isolate F. solani biosynthesized T-2 toxin, 
c) 1 culture of F. subglutinans produced zearalenone, d) 4 isolates of Mucor spp. showed the 
ability to degrade one or both trichothecenes of type A (diacetoxyscirpenol – DAS and T-2 
toxin).
Mycotoxicological studies that included 24 samples of protein ingredients showed the 
absence of mycotoxins (aflatoxin B1, ochratoxin A, zearalenone, deoxynivalenol, DAS and 
T-2 toxin) in all 15 samples of sunflower meal. In the samples of soybean and its products 
(meal and cake) only T-2 toxin was detected in 3 analyzed samples. The amount of this 
fusariotoxin did not exceed 375 μg kg
-1 .
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INTRODUCTION
The most important objective in animal husbandry is the improvement of 
livestock production potential of domestic animals, and obtainment of high 
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quality products. The quality of fodder is one of the basic conditions for achieving 
these goals. It does not only involve the optimal nutritional and food safety 
(microbiological quality), but also the absence of harmful substances. 
One of the main components of feed mixtures, protein ingredients, such as 
soybean products and sunflower meal, represent suitable substrates for growth 
of mycobiota and biosynthesis of their toxic metabolites, mycotoxins. Inade-
quate quality of feed components leads to inadequate quality of feed mixture. 
Reason for this lies in the fact that, besides the strict use of determined fodder 
recipes, sometimes the satisfactory quality of the mixture cannot be obtained and, 
therefore, desired growth and animal health cannot be achieved (Đorđević 
and Pe t r e v s k i , 2008). Accordingly, the aim of this study was to investigate 
the microbiological and mycotoxicological correctness of protein feed ingre-
dients originating from the region of Vojvodina, as well as to test the specific 
biochemical characteristics of fungal isolates from the same feed samples (an-
tagonism, the ability to biosynthesize mycotoxins and the ability to biotrans-
form mycotoxins). 
MATERIALS AND METHODS
Samples. Total number of 40 samples of protein feed ingredients was 
analyzed in the accredited laboratory of “Bio-Ecological Center” Ltd. in Zren-
janin from the second half of 2009 and during 2010. All tested samples (17 
samples of feed components based on soybean, and 23 of sunflower meal) 
originated from the region of Vojvodina (Serbia).
Microbiological investigations were performed according to the Regula-
tions on maximal quantity of harmful substances and ingredients in fodder 
(T he  Of f icia l  G a z et t e  of  SRY,  No.  2/1990)  and  Regulations on 
the quality of feed (T h e  O f f i c i a l  G a z e t t e  of  R S ,  No.  4/2010).  Total 
counts of bacteria, molds and yeasts, as well as identification of pathogenic 
microorganisms (E. coli, coagul. positive Staphylococcus spp., Proteus spp., 
Salmonella spp., sulphite-reducing Clostridium spp.) were done in accordance 
with the Regulations on methods of microbiological analysis and superanalysis 
of foodstuffs  (T he  Of f icia l  G a z et t e  of  SF RY,  No.  25/80).  Identi-
fications of fungi were performed according to D om sh  et al. (1980), and 
Samson an d  van  Reenen-Hoekstra ( 1 9 8 8 ) .
Mycotoxicological investigations. The presence of aflatoxin B1 (AFL B1), 
ochratoxin A (OTA) and zearalenone (ZON) was determined according to the 
Regulations on sampling methods and methods of physical, chemical and 
microbiological analysis of fodder (The Official Gazette of SFRY, 
No. 15/1987), while deoxynivalenol (DON), diacetoxyscirpenol (DAS) and T-2 
toxin were analyzed by applying the method of Pepeljnjak and Babić 
(1991). 
Analyses of biochemical properties of 10 selected fungal isolates from 
protein feed ingredients included testing of ability for mycotoxin biosynthesis 
and degradation of certain mycotoxins in vitro.215
Fungal potentials for the production of fusariotoxins (DAS, T-2 toxin, 
DON and ZON) were tested according to the rapid screening procedure by 
Fi lt e nb or g-a et al. (1983), modified by Bo čarov-Stančić et al. (2009). 
Cultivations of microorganisms were performed on the media: YESA (2% yeast 
extract, 15% sucrose and 2% agar, pH 6.5), PPSA (2% peptone-1, 15% sucrose 
and 2% agar, pH 6.5), and PDA (potato-dextrose agar, pH 6.9) for fourteen 
days at 27±1
oC.
Potentials of mycobiota for degradation of OTA, DAS and T-2 toxin were 
tested by a simple screening method described by Fi lt e nb org  et al. (1983), 
modified by B o čarov-Stančić et al. (2010). Test fungi were grown on 
modified Vogel’s medium N (pH 6.3) during 14 days at 27±1 
oC (Vogel , 1956). 
The medium was supplemented with the extracts of crude toxins (final con-
centration 0.02 mg mL
-1) as the sole sources of C atoms. The modification of 
the minimum Vogel’s medium consisted of the exclusion of the solution of 
biotin and addition of peptone (1 g L
-1) and yeast extract (2 g L
-1). 
RESULTS AND DISCUSSION
The majority of tested samples (57.5%) had satisfactory microbiological 
quality which was in accordance with the Regulations on maximal quantity of 
harmful materials and ingredients in fodder  (T he Of f icial Ga zet t e of 
SRY, No. 2/1990) and Regulations on the quality of feed (T he Of f icial 
G a z et t e  of  R S,  No.  4/2010). The maximum number of bacteria – BCFU 
(1 x 10
7 g
-1), as well as yeasts and molds – MYCFU/g (148,000 g
-1), was detected 
in one sunflower meal sample, while the lowest number of microorganisms 
(120 BCFU g
-1 and 10 MYCFU g
-1) was recorded in a soybean grit sample.
Tab. 1 – Microbiological quality of protein feed ingredients 
Sample
type
No. of
samples
BCFU/g
(aver. value)
MYCFU/g
(aver. value)
Adequate 
quality (%)
Soybean 1 3.700 5.200 100.0
Soybean cake 7 146.000 160 71.4
Soybean grits 8 23.000 480 62.5
Soybean meal 1 107.000 3.400 100.0
Sunflower meal 24 3.400.000 13.000 47.8
TOTAL 40 120 – 10.000.000 10 – 148.000 57.5
Microbiologically inadequate quality of protein feed ingredients was a 
consequence of the presence of pathogenic bacteria. Proteus spp. were found in 
12 samples of sunflower meal, 1 sample of soybean grits and 2 of soybean cake, 
while E. coli was identified in 2 samples of soybean meal. 
Samples of protein feed ingredients, especially sunflower meal, that were 
analyzed in the second half of 2009 and in 2010 (Table 1), had higher total 
count of microorganisms (BCFU g
-1 and MYCFU g
-1) and frequent presence 216
of pathogenic bacteria was observed, more frequent than during the first part 
of 2009 when our previous research of feed ingredients and fodder mixtures 
was done (M i ljkov ić et al., 2009). 
Mycological analysis of protein feed ingredients (Table 2) established the 
dominance of mold species belonging to the following genera: Aspergillus (A. 
flavus, A. fumigatus, A. niger and A. ochraceus), Fusarium (F. solani, F. subglu-
tinans and F. verticillioides) and Mucor (Mucor hiemalis f. hiemalis, M. race-
mosus f. racemosus and Mucor spp.). 
The presented results are in agreement with our previous research that 
has revealed the dominance of the same fungal genera in the sunflower seeds 
and sunflower meal (Bo ča rov, 1983; Bo čarov-Stančić et al., 2006) 
and protein ingredients (M i ljkov ić et al., 2009), as well as with researches 
done by other authors from Vojvodina (Šk r i nja r  and K a rlov ić, 2001; 
Šk r i nja r  et al., 2007).
According to foreign authors, the predominant species in the sunflower 
seeds in Spain were Penicillium spp., Aspergillus niger, A. flavus, A. glaucus and 
Rhizopus spp. (Jimenez et al., 1991). In soybeans from Egypt, El-Kadi 
and You s sef  (2007) noted most often the presence of the representatives of 
the genera Aspergillus, Penicillium, Mucor and Rhozopus. 
The study of biochemical characteristics of 10 fungal isolates from sun-
flower meal, soybean meal and cake established that: a) 2 cultures of Aspergil-
lus spp. possessed antagonistic activity against other fungal species, b) 1 isolate 
F. solani biosynthesized T-2 toxin, c) 1 culture of F. subglutinans produced 
zearalenone, d) 4 isolates of Mucor spp. showed the ability to degrade one or 
both trichothecenes of type A (DAS and T-2 toxin).
Tab. 2 – Dominant mycobiota in protein feed ingredients 
Ord. no. Fungal species Soybean feed Sunflower pellet
1. Aspergillus flavus 40 60
2. A. fumigatus 20 20
3. A. ochraceus 20 20
4. A. niger -2 0
5. Aspergillus spp. 20 60
6. Fusarium solani 10 -
7. F. subglutinans 20 20
8. F. verticillioides 40 20
9. Fusarium spp. -2 0
10. Mucor hiemalis f. hiemalis 10 -
11. M.racemosus f. racemosus 10 -
12. Mucor spp. 40 60
13. Penicillium spp. 20 60
14. Rhizopus stolonifer 20 20
15. Scopulariopsis sp. -2 0217
Tab. 3 – Biochemical characteristics of fungal cultures isolated from protein feed ingredients 
Ord.
no. Fungal species Isolate
origin
Isolate 
design. Biochemical characteristics
1. Aspergillus flavus SG 675/09 Do not degrade OTA
2. Aspergillus sp. SC 366/09 Antagonist of other fungi 
3. Aspergillus sp. SC 419/09 Antagonist of other fungi 
4. Fusarium solani SG 162/09-A Producer of T-2 toxin
5. F. subglutinans SC 134/09-B Producer of ZON
6. F. verticillioides SP 134/09-A Do not produce T-2, DAS, DON ZON
6. Mucor hiemalis f. hiemalis SP 1216/09 Biotransform  DAS
8. M. racemosus f. racemosus SP  1215/09 Biotransform DAS and T-2
9. Mucor sp. SP  46/10 Biotransform DAS and T-2
10. Mucor sp. SP 675/10 Biotransform  DAS
Legend: SG – soybean grits; SC– soybean cake; SP – sunflower meal
Mycotoxicological studies of 24 samples of protein feed ingredients 
showed the absence of mycotoxins (AFL B1, OTA, ZON, DON, DAS and T-2 
toxin) in all 15 tested samples of sunflower meal. In the samples of soybean and 
its products (meal and cake) only T-2 toxin was detected in 2010, in 3 cases, in 
a quantity not exceeding 375 μg kg
-1. All samples that were tested satisfied the 
Regulations on maximal quantity of harmful materials and ingredients in fodder 
(T he  Of f icia l  G a z et t e  SRY,  No.  2/1990)  and  Regulations on the 
quality of feed (The Official Gazette of RS,   N o .   4 / 2 0 1 0 ). 
If we compare the obtained micotoxicological results with the results 
presented in Table 3, it is obvious why most of the tested samples showed 
absence of mycotoxins. All isolates of the genus Mucor from sunflower meal 
had the ability to biotransform one or both types of A trichothecenes. On the 
other hand, the only fungal isolate (Fusarium solani 162/09-A), that biosyn-
thesized T-2 toxin, was derived from sunflower meal. This is why it was not 
surprising that the same fusariotoxin was found only in the samples of soy-
bean products (Table 3).
In contrast to the reported results, our previous studies carried out in the 
period 1991-2000 (B o č a r o v-S t a n č i ć et al., 2001) showed a signifi-
cantly higher contamination of protein feed ingredients from Vojvodina re-
gion with T-2 toxin (25% of soybean meal samples and 50% of sunflower 
meal samples). In addition to the frequent presence of T-2 toxin and ZON, L e 
v i ć et al. (2004) reported that in some years soybean, sunflower seed and 
their products could be significantly contaminated with other mycotoxins, 
such as aflatoxin and ochratoxin A. On the other hand, V a l e n t a et al. 
(2002) found 50 samples of soybean cake from Germany with very low con-
centrations of AFL B1 (0.41 μg kg
-1), OTA (max. 1 μg kg
-1) and ZON (max. 
1μg kg
-1). 218
CONCLUSIONS
Most of the tested samples of protein feed ingredients (57.5%) had satis-
factory microbiological quality, and all 100% had satisfactory mycotoxico-
logical quality (having in mind the maximum allowed concentrations of harmful 
substances) according to the Regulations on maximal quantity of harmful ma-
terials and ingredients in fodder  (T he Of f icial Ga zet t e of SRY, 
No. 2/1990) and Regulations on the quality of feed (The Off icial Gazette 
of   R S, No. 4/2010). 
Microbiologically inadequate quality of 42.5% of protein feed samples was 
a consequence of the presence of pathogenic bacteria Proteus spp. and E. coli.
Biochemical testing of fungal isolates from protein feed ingredients has 
shown that 2 isolates of Aspergillus spp. were the antagonists of other fungal 
species, 2 representatives of the genus Fusarium biosynthesized mycotoxins 
(F. solani – T-2 toxin, and F. subglutinans- ZON), and that all 4 cultures of 
Mucor spp. were able to biotransform DAS and/or T-2 toxin. 
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Резиме
Током 2009. и 2010. године микробиолошким испитивањима је било обу  хва-
ћено укупно 40 узорака протеинских хранива (сунцокретова сачма, сојино зрно, 
сојин гриз, сојина погача и сојина сачма) пореклом из Војводине. Хигијенска 
исправност је констатована код 57,5% тестираних узорака. Микробиолошка не-
исправност протеинских хранива је била последица присуства патогених бакте-
рија: Proteus spp. код 12 узорака сунцокретове сачме, 1 сојиног гриза и 2 сојине 
погаче, односно Е. coli код 2 узорка сојине сачме. Највећи укупан број бактерија 
(1 x 10
7/g) као и највећи број квасаца и плесни (148.000/g) констатовани су код 
јед  ног узорка сунцокретове сачме.
Миколошки анализе протеинских хранива су установиле доминантност 
врста из родова Aspergillus (A. flavus, A. fumigatus, A. niger и A. ochraceus), Fusarium 
(F. solani, F. subglutinans и F. verticillioides) и Mucor (Mucor hiemalis f. hiemalis и 
M. racemosuus f. racemosus).
Испитивањем биохемијских карактеристика 10 гљивичних изолата из сун-
цо  кретове сачме, сојиног гриза и погаче утврђено је да: а) 2 културе Aspergillus spp. 
поседују aнтагонистичку активност према другим врстама гљива; б) 1 изолат F. 
solani биосинтетише Т-2 токсин; ц) 1 култура F. subglutinans производи зеара  ле-
нон, док су д) 4 изолата Mucor spp. испољила способност разлагања било једног 
или оба трихотецена типа А (диацетоксисцирпенол – ДАС и Т-2 токсин).
Микотоксиколошким истраживањима 24 узорка протеинских хранива утвр-
ђено је одсуство микотоксина (афлатоксин Б1, охратоксина А, зеараленон, де  зок-
синиваленол, ДАС и Т-2 токсин) код свих 15 узорака сунцокретове сачме. У узор-
цима зрна соје и њених прерађевина (гриз и погача) детектован је само Т-2 токсин 
код 3 узорка у количини која није превазилазила 375 μg/kg.